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Resumo:
Atualmente, com o avanço da Medicina Nuclear tem sido observado um grande aumento nos estudos de
cancer. A detecção do tumor e sua localização usando PET (Tomografia de Emissão de Pósitrons) resulta em um
melhoramento da nossa compreensão bioquímica básica dos tecidos normais e anormais do corpo.
O radiofármaco, [18F]FDG é uma molécula similar à glicose com uma estrutura que permite a observação da
elevada taxa de glicose consumida nas células tumorais em comparação às células normais, usando o PET.
Na síntese do composto, solventes de alta toxicidade são utilizados e devido a isto é necessário a
quantificação dos mesmos no produto final.
A análise dos solventes Acetonitrila, Etanol e Éter Dietílico no [18F]FDG foram realizadas no Cromatógrafo
Gasoso Shimadzu 17 AF3.
Sendo o [18F]FDG um radiofármaco injetável e devido a meia – vida curta do 18F., requer um eficiente
sistema de controle de qualidade rotineiro.
A técnica de Cromatografia Gasosa de Alta Resolução atende a este requisito
Abstract:
Nowadays, with the advances in Nuclear Medicine, a great improvement in the study of cancer has been
observed. The tumor detection and its localization using PET (Positron Emission Tomography) results in an
enhancement of our biochemical basis understanding of normal and abnormal functions within the body.
The radiopharmaceutical, [18F]FDG is a similar molecule of glucose with such a structure which allows the
observation of the elevate rate of glycolysis in tumor cells in comparison with normal cells, using PET.
In the synthesis of the compound, high toxicity organic solvents are used and because of this it is imperative
its quantification in the final product.
The analysis of the solvents Acetonitrile, Ethanol and Diethyl Ether in the [18F]FDG, were carried out on a
Shimadzu 17 AF3 Gas Chromatograph.
The [18F]FDG being a injectable radiopharmaceutical and due to the short half – life of 18F, requires an
efficient quality control system for the routine.
The technique of High Resolution Gas Chromatography attends this requirement.
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The tumor detection and the advance in the quality study of cancer using PET
(Positron Emission Tomography ) results in a marked improvement .
The 18- FDG has proven to be a successful PET imaging agent for detection and
localization of any forms of cancer. The elevate rate of glycolysis in many types of tumor
cells enhances the uptake of 18-FDG in neoplasms in comparison with normal tissues 1.
The synthesis of the 18-FDG using Aminopolyether and  the 1,3,4,6,-,tetra - O-
acetyl- 2 -trifluor-methanesulfonyl - β - D - mannopyranose as a precursor, results in a
increasing in the nucleophilicity greatly improving the fluorination .2
All the products injected in humans must have some requests that assure quality ,
safety and efficiency. In particular case, of radiopharmaceutical products; pharmaceuticals
and radiologicals aspects must be considered6.
Analytical testing plays a key role in the overall control of product quality and
consequently it is imperative that the methodology to be used provides accurate and reliable
results, then, all the steps in the proceedings should be established and documented 5.
The High Resolution Gas Chromatography is one technique that fulfills requisites as
accuracy, sensitivity and specificity required in Good Manufacturing Practices and in the
radiologicals aspects because the time of analysis and manipulation with samples must be
as short as possible.
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The present work has as objective the development and implantation of a High
Resolution Gas Chromatography method for residual amounts, quantification and chemical
control of acetonitrile, ethyl ether and ethanol, which are the solvents involved in the
18FDG (2-[18F]-Fluor-2-Desoxi-Glucose) synthesis.
These solvents possess a high toxicity level and have to be controlled in injectables.
An efficient quality control system is primordial for the application in the diagnosis
of the human health.
0DWHULDODQG0HWKRGV
The chromatographic analysis were performed using a Shimadzu 17 AF3 Gas
Chromatograph with a guard column (0.32mm inner diameter and 10 m length) and a
capillary column DB-1701 J&W Scientific (14%-Cyanopropyl- Phenyl)
Metylpolysiloxane, 50m length, 0.32mm inner diameter and 1.0 µm film thickness, a FID
(Flame Injection Detector) and a split/splitless injector were used for such an analysis.
A calibration curve for the solvents cited above were plotted using standard
solutions prepared with high purity solvents. The injection conditions were: 99.999 Helium
was used as carrier gas in a constant flow rate at 2.5ml/min and also as make up gas,
injected volume of 1 µL, injection in split mode (1:10), 250 0C injector temperature, the
column temperature was at an isothermal 70 0C and a FID detector was used at 300 0C.
The quantification of the samples were made using external standardization method.
Three injections of each standard were made to obtain the data.
The injected concentration, the data and the statistical treatment obtained for the
calibration of each component were as shown in tables 1, 2 and 3.
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Concentration Average Standard
Deviation
Correlation
Coefficient
(%)
Average Standard
Deviation
Correlation
Coefficient (%)
ppm RT RT RT A Area Area
30 5,2360 0,005 0,0875 1318 43,0155 3,2629
40 5,2293 0,004 0,0672 1772 32,0364 1,8076
50 5,2263 0,008 0,1558 2272 76,2518 3,3566
60 5,2347 0,003 0,0481 2657 77,1514 2,9033
100 5,2290 0,015 0,2856 4592 281,2656 6,1247
7DEOH6WDWLVWLF7UHDWPHQWRI$FHWRQWULOH
Concentration Average Standard
Deviation
Correlation
Coefficient
(%)
Average Standard
Deviation
Correlation
Coefficient (%)
ppm RT RT RT A Area Area
2 4.1650 0.003 0.0635 125 7.5056 6.0205
5 4.1710 0.005 0.1099 300 11.5326 3.8442
10 4.1650 0.001 0.0240 623 10.5987 1.7022
15 4.1727 0.005 0.1230 918 10.6927 1.1652
20 4.1677 0.005 0.1082 1290 43.4856 3.3710
25 4.1663 0.003 0.0733 1633 44.5084 2.7256
7DEOH6WDWLVWLF7UHDWPHQWRI(WK\O(WKHU
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Concentration
ppm
Average
RT
Standard
Deviatio
n
RT
Correlation
Coefficient
RT (%)
Average
A
Standard
Deviation
Area
Correlation
Coefficient
Area (%)
20 4.3900 0.005 0.1044 1381 15.6312 1.1316
40 4.3897 0.005 0.1147 1854 109.5034 5.9063
60 4.3943 0.005 0.1168 2428 50.0133 2.0596
80 4.3873 0.010 0.2190 3094 32.2335 1.0418
100 4.3980 0.004 0.0820 3936 37.5100 0.9530
200 4.3927 0.0059 0.1334 7877 259.3241 3.2922
7DEOH6WDWLVWLF7UHDWPHQWRI(WKDQRO
The calibration curves were plotted using a least square method. The curve for
acetonitrile could be seen at figure 1, ethyl ether at figure 2 and ethanol at figure 3.
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)LJXUH&DOLEUDWLRQ&XUYHIRU(WK\O(WKHU
)LJXUH&XUYH&DOLEUDWLRQIRU(WKDQRO
The 18F is obtained by 1 hour bombardment of H218O with 17 MeV protons in the
CV-28 Cyclotron using the reaction 18 O (p,n) 18F .
The 18FDG is synthesized using the IBA( Ion Beam Application) FDG Processing
System . The synthesis is based in the method developed by Hamacher et al 4 .
A sample of 10 µL was taken from the final product and was properly injected in
the Chromatograph in the conditions described above. Two samples of different
productions were analyzed.
y = 65.595x - 27.134
R2 = 0.9986
0
300
600
900
1200
1500
1800
0 5 10 15 20 25 30
&RQFHQWUDWLRQSSP
$
UH
D
y = 36,875x + 355,56
R2 = 0,9935
0
2000
4000
6000
8000
10000
0 50 100 150 200 250
&RQFHQWUDWLRQSSP
$
UH
D
57,(1
8
5HVXOWVDQG'LVFXVVLRQ
The resulting Chromatograms are shown in figure 4 and 5 .
)LJXUH&URPDWRJUDPRI3URGXFWLRQ%
)LJXUH&URPDWRJUDPRI3URGXFWLRQ$
)LJXUH&URPDWRJUDPRI3URGXFWLRQ%
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The results obtained for Acetonitrile, Ethyl Ether and Ethanol are in agreement with
the limit level proposed by Erni et al3.
The sample statistic treatment of the different productions were shown in the table 5
and the quantification in the table 6. The results obtained in this work demonstrated that
Gas Cromatography it is a powerfull technique for this aim. The concentrations obtained
are bellow the permitted limit, assuring that the product it is suitable for injection in
humans. Besides , the total time of analysis was about 5.5 min, which is very important due
to the short half life of the 18F and the sample volume necessary for the analysis was only
1.0 µL, which assures the safe manipulation by the analyst.
The solvents employed in drug manufacturing in this synthesis are classified as
Class 2 and 3 3. Solvents in Class 2 have to be its uses limited to pharmaceutical products,
Class 3 may be regarded as less toxic and of lower risk to human health3.
The cromatographic profiles of the samples demonstrated that peaks have very
narrow  band and the evaluation is not complicated because of the high resolution of them.
The high column film thickness permitted higher retention for the volatile solutes, which
generally requires very low temperature with the splitless injection. Due to this high
thickness was possible to use the split injection and increase the efficiency, improving the
peak widths and decreasing the analytical costs.
Statistical analysis of the data certifies the precision and repeatability of this
method, showing that determinations coefficients ( R2 ) of the calibration curves are always
above 0.993, and the correlation coefficients of the standards as well as the samples are
very short.
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Samples Components Averag
e
Standard
Deviatio
n
Correlation
Coefficient
Average Standard
Deviation
Correlation
Coefficient
RT RT RT (%) A Area Area (%)
A Ethyl Ether 4.1713 0.0038 0.0908 169 2.6458 1.5655
Ethanol 4.3963 0.0035 0.0799 2976 48.2632 1.6216
Acetonitrile 5.2313 0.0035 0.0671 1405 20.9841 1.4932
B Ethyl Ether 4.1673 0.0029 0.0693 178 2.5166 1.4165
Ethanol 4.3950 0.0010 0.0228 1643 17.5594 1.0685
Acetonitrile 5.2287 0.0025 0.0481 1983 15.2753 0.7702
7DEOH6WDWLVWLF7UHDWPHQWIRU6DPSOHVRI'LIIHUHQW3URGXFWLRQV
Concentration of the components ( ppm )Samples
Ethyl Ether Ethanol Acetonitrile
A 2.9901 90.3564 32.0911
B 3.1222 54.2073 44.4621
7DEOH4XDQWLILFDWLRQRIWKH6DPSOHV
57,(1
11
&RQFOXVLRQ
The technique of High Resolution Gas Chromatography demonstrated to be a
powerfull analytical method for quantification of residual amount of acetonitrile, ethyl ether
and ethanol in the synthesis of the 18-FDG. This analytical tool was implanted in our
laboratory. In addition, the short time analysis and low exposure radiation dosis by analyst
assures a high performance for the routine control of the process.
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